From the ethyl acetate extract of the stems of Diospyros crassiflora Hiern, three new norbergenin derivatives, 4,11-di-O-galloylnorbergenin (1), 3-O-galloylnorbergenin (2), and 4-O-(4'-hydroxy-3'-methoxybenzoyl)-norbergenin (3), were isolated along with ten known compounds (4-13). Their structures were established by mean of spectroscopic techniques namely 1-and 2-D NMR experiments, mass spectrometry and comparison with reported data. Isolates 1-9 were evaluated for their ability to protect PC12 cells against hydrogen peroxide induced injury. Compounds with a galloyl group in their structure were found to prevent toxicity induced by H 2 O 2 in PC12 cells.
Diospyros crassiflora Hiern, family Ebenaceae, is a tree up to 18-25 m high known as African ebony [1, 2] . It is widely distributed throughout the forest zone of West and Central Africa [1, 2] .The decoction of its bark is used as a beverage or enema in the treatment of ovarian disorders, while the juice of the leaves is used as an ocular instillation in the treatment of eye purulent ophtalmia [3, 4] . Both bark and leaves are used to treat wounds [3, 4] . D. crassiflora produced a valuable timber known as black ebony and, in the past few years, its over exploitation drove this species into a risk of extinction [1, 5] . Recently, it was reported that extracts of leaves of D. crassiflora possessed antifungal, antimycobacterial and antigonorrhoeal activities [6, 7] . Previous phytochemical studies on this plant have resulted in the isolation and characterization of new coumarins, namely crassiflorone, diosfeboside A and diosfeboside B [8, 9] . In continuation of this study, we investigated the chloroform and ethyl acetate extracts of the stems of D. crassiflora, which led to the isolation of three new norbergenin derivatives (1) (2) (3) , along with ten known compounds (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . This paper deals with the structural elucidation of the new compounds, as well as the preliminary evaluation of the antioxidant properties of some isolates, especially of their ability to protect PC12 cells against hydrogen peroxide induced injury.
Repeated column chromatography of the chloroform and ethyl acetate extracts of the stems of D. crassiflora resulted in the isolation of three new compounds (1-3), together with ten known ones. The known compounds were identified as gallic acid (4), norbergenin (5), 4-O-galloylnorbergenin (6), 11-Ogalloylnorbergenin (7), 4-O-(3'-methylgalloyl)-norbergenin (8), epiafzelechin 3-O-gallate (9), β-sitosterol (10), lupeol (11), betulinic acid (12) , and cylicodiscic acid (13) carbonyl (ν max 1703), and aromatic C=C (ν max 1616, 1537, 1450) were observed in its IR spectrum. The UV spectrum showed maxima at 218 and 280 nm in methanol. The 1 H NMR spectrum displayed signals of a norbergenin nucleus, namely an aromatic methine at δ H 6.95 (1H, s), a substituted methylene at δ H 4.66 and 4.37 (1H each, m), and five aliphatic sp 3 oxymethines at δ H 5.24 (1H, d, J = 9.9 Hz), 4.35 (1H, m), 5.51 (1H, t, J = 9.9 Hz), 3.71(1H, t, J = 9.9 Hz), and 4.06 (1H, m), respectively [13] . The spectrum also showed characteristic signals of two galloyl groups at δ H 7.00 and δ H 7.04, respectively (2H each, s). Those substructures were confirmed by the 13 C NMR data (see Table 1 ), where the carbonyl group of the norbergenin moiety appeared at δ c 163. 2) and on the other hand correlation peaks between H-11 and C-2 (δ c 78.6), C-3 (δ c 68.0) and C=O of galloyl 2 (δ c 165.8). It remained to be determined the relative configuration of the different substituents on the tetrahydropyran ring. From the value of the vicinal coupling constant J H-4a/H-10b = 9.9 Hz and the lack of correlation in NOESY between H-4a and H-10b, it was deduced that those two protons have a trans a.a relationship. The relative configurations of the other protons were determined from the NOESY spectrum, which showed correlations between H-2, H-10b and H-4, and between H-3 and H-4a, indicating their close spectral proximity (Fig. 2) . From the above spectroscopic data, compound 1 was deduced to be 4,11-di-O-galloylnorbergenin.
Compound 2 was obtained as white amorphous powder. Its molecular formula, C 20 H 18 O 13, corresponding to 12 double bond equivalents, was deduced from the positive HRESIMS, which showed a pseudo molecular ion [M+H] + at m/z 467.0833. Comparison of 1 H and 13 C NMR spectra of compounds 1 and 2 showed close similarities (see Table 1 ) indicating that compound 2 is also a norbergenin derivative. The only difference between the two compounds was the existence in the structure of compound 2 of one galloyl moiety instead of the two in compound 1. The position of this galloyl moiety was established to be at C-3 from analysis of the HMBC spectrum, which showed correlations between H-3 C NMR spectral data of this compound with those of compound 2 revealed that compound 3, the same as compound 2, is constituted of two units, one of which is norbergenin (see Table 1 ). The difference between the two compounds bears on the nature of the second unit. While in compound 2 that second unit was the galloyl moiety, in compound 3, this was replaced by a 4-hydroxy-3-methoxybenzoyl group (Figure 1 ). This unit was characterized by the presence of signals at δ H 7.64 (1H, dd, J = 2.1, 7.9 Hz ) / δ c 125.4, δ H 7.62 (1H, d, J = 2.1 Hz) / δ c 113.9 and δ H 6.85 (d, J = 7.9 Hz) / δ c 115.9 corresponding to three aromatic protons forming an ABX spin system, a three protons signal at δ H 3.90 (3H, s) / δ c 56.5 due to the methoxy group and a signal at δ c 167.5 attributable to the carbonyl of an ester group in the NMR data. The attached position of the benzoyl unit to the norbergenin moiety was determined from the HMBC spectrum, which showed correlation peaks between H-4 (δ H 5.59, dd, J = 7.8, 9.7 Hz) / δ c 76.3 and benzoyl C=O (δ c 167.5), C-3 (δ c 70.1), C-4a (δ c 79.1). This result led to the conclusion that the benzoyl unit was linked to the norbergenin moiety via its C-4. From the above spectroscopic data, compound 3 was assigned to be 4-O-(4'-hydroxy-3'-methoxybenzoyl)-norbergenin.
The protective effect of compounds 1-3 and 5-8 on hydrogen peroxide induced PC12 cell death was evaluated. The decreased in cell viability induced by H 2 O 2 was attenuated in PC12 cells pretreated with 1µM of compound 1, 10 µM of compounds 2 and 6, 0.1, 1 and 10 µM of compound 7, and 0.1 and 10 µM of compound 8 (Fig. 3) . The activity induced by these compounds was related to the galloyl group they both carry on the norbergenin nucleus. Indeed, norbergenin (5) and the new compound (3) without the galloyl group did not show any protective activity against H 2 O 2 induced PC12 cell death at concentrations of 0.1-10 µM. Amongst the active compounds, compound 7, with one galloyl group at C-11 of norbergenin, displayed a protective effect at all concentrations tested, while 2 and 6, having the same galloyl group at C-3 and C-4, respectively, were active only at 10 µM. This was in accordance with a previous study on bergenin, which showed that the antioxidant activity of bergenin derivatives was higher when the hydroxyl group at C-11 was modified than when either the C-3 or C-4 hydroxyl was modified [14] . Recent investigation showed that compounds 5, 6 and 8 displayed scavenging activity against DPPH [13] ; however, only compounds 6 and 8 (methylated isomer of 6) showed a protective effect against H 2 O 2 induced PC12 cell death. 
Experimental
General: Melting point was determined on an XT4A digital microapparatus and is uncorrected. Optical rotations were measured on a Perkin-Elmer-243B digital polarimeter. UV spectra were recorded by means of a SHIMADZU UV-2401 PC UV-VIS spectrophotometer. IR spectra were measured on a NEXUS-470 FTIR (Nicolet) spectrometer, KBr pellets, in cm -1 . NMR spectra were recorded on a VARIAN INOVA 500 NMR spectrometer with chemical shifts shown as δ-values (ppm) and TMS as an internal standard. ESIMS were performed on a QSTAR (ABI, U.S.A) mass spectrometer, and HRESIMS on a Bruker APEX II FT-ICR-MS. All solvents used were of analytical grade (Beijing Chemical and Industry Factory). Silica gel (Qingdao Marine Chemical Industry. Co., Ltd.), Sephadex LH-20 gel (Pharmacia). Compounds on TLC plates were revealed using an UV lamp (254-365nm), iodine vapor and FeCl 3 in EtOH.
Plant material:
The stems of D. crassiflora were collected in Nanga-Eboko, center region of Cameroon in August 2007 and identified by Mr. Nana Victor at Cameroon National Herbarium, where a voucher specimen is conserved (Nº 16647/SFR/Cam).
Extraction and isolation:
The dried and powdered stems of D. crassiflora (2.7 Kg) were extracted with CHCl 3 -MeOH (1:1) at room temperature 3 times for 9 days. Filtered extract, after concentration under reduced pressure, gave a brown red residue. From the dried crude extract (467.8 g) suspended in water, was filtered a yellowish white powder named NBP. The water soluble crude extract portion was further successively partitioned with CHCl 3 , EtOAc and n-BuOH. The EtOAc extract (68 g) was fractionated on silica gel using a gradient of EtOAc -MeOH (10:1 to 0:1) to yield 6 fractions (F i ). Fraction F 4 gave compound 5 (3g). A portion of F 2 (6 g) was eluted on Sephadex LH-20 using acetoneMeOH (1:1) and 15 sub-fractions of 50 mL each were collected. Compound 1 (34 mg) was filtered in CHCl 3 from sub-fraction 14 and compound 12 (63 mg) was obtained and recrystallized in MeOH from combined sub-fractions 4 and 5. All those subfractions were once again mixed in F 2 (10 g) and rechromatographed over silica gel using a 2% stepwise gradient from CHCl 3 
Supplementary data:
1 H, 13 C, MS, HSQC and COSY NMR spectra of compounds 1-3 are available, along with all the compounds isolated from the stems of Diospyros crassiflora.
